An approach in which the total energy of interacting subsystems is expressed as a bifunctional depending explicitly on two functions: electron densities of the two molecules forming a complex ͑ 1 and 2 ͒ was used to determine the equilibrium geometry and the binding energy of several weak intermolecular complexes involving carbazole and such atoms or molecules as Ne, Ar, CH 4 , CO, and N 2 . For these complexes, the experimental dissociation energies fall within the range from 0.48 to 2.06 kcal/mol. Since the effect of the intermolecular vibrations on the dissociation energy is rather small, the experimental measurements provide an excellent reference set. The obtained interaction energies are in a good agreement with experiment and are superior to the ones derived from conventional Kohn-Sham calculations. A detailed analysis of relative contribution of the terms which are expressed using approximate functionals ͑i.e., exchange-correlation E xc ͓ 1 ϩ 2 ͔ and nonadditive kinetic energy T s nad ͓ 1 , 2 ͔ϭT s ͓ 1 ϩ 2 ͔ϪT s ͓ 1 ͔ϪT s ͓ 2 ͔) is made. The nonvariational version of the applied formalism is also discussed.
I. INTRODUCTION
Since the computational cost of adequate wave-function based methods is prohibitively large for the systems of the size of the considered carbazole complexes, practical implementations of density functional theory ͑DFT͒ applicable to study weak intermolecular complexes are highly desirable. Unfortunately, applying DFT in its conventional KohnSham ͑KS͒ ͑Ref. 1͒ formulation to study weak complexes faces serious difficulties. These originate from the fact that London dispersion forces cannot be properly accounted for by means of the semilocal approximate functionals of the exchange-correlation energy. The unsuitability of semilocal functionals can be illustrated by considering the extreme case of two spherically symmetric centers with nonoverlapping electron densities. In such the case, all semilocal exchange-correlation functionals do not lead to any attraction between the centers.
In real intermolecular complexes, the electron density overlap is usually small but non-negligible and different approximate exchange-correlation functionals describe the corresponding energetical components in a rather erratic way. [2] [3] [4] [5] The local density approximation ͑LDA͒ leads systematically to too strong attraction whereas the results of the generalized gradient approximation ͑GGA͒ calculations depend critically on the choice of the applied exchange-correlation functional. 6 Among the GGA functionals, the ones developed recently by Perdew and co-workers ͓PW91 ͑Ref. 7͒, PBE ͑Ref. 8͔͒ appear as the most suitable for weak complexes leading to rather reasonable interaction energies of the complexes for which the dispersion forces are known to dominate. 4, 6, 9, 10 Owing to the fact that their exchange components obey the Lieb-Oxford bound they are free from the artificial repulsion appearing at weakly overlapping electron densities for such GGA functionals which violate this mathematical condition. 6 But even the functionals obeying the Lieb-Oxford bound lead to less reliable results than the correlated wave function based approaches. Moreover, since they are semilocal, they cannot lead to the correct asymptotic power dependency (R Ϫ6 ) of the interaction energy in the large R and zero 1 -2 overlap limit ͑see Appendix͒.
In this work, we explore the applicability of another DFT route to study weak intermolecular complexes close to their equilibrium geometry. This route is based on partitioning the total electron density and representing the total energy of the molecular complex by means of a bifunctional (E͓ 1 , 2 ͔) depending on two variables 1 and 2 which can be identified as the electron densities of two molecules forming a complex. Such a bifunctional was applied already in 1972 by Gordon and Kim in nonvariational calculations of interaction energies. 11 In the present work, the ground-state energy and the electron densities 1 and 2 are obtained from variational calculations in which the bifunctional E͓ 1 , 2 ͔ is minimized. 12, 13 The subsystem based approach was recently refined 14 -16 and applied to study the properties of embedded molecules 17, 21 as well as different intermolecular complexes including the ones bound by hydrogen bond 16 and weak complexes comprising benzene. 18, 20 Leutwyler et al. 22 reported recently the experimental study of weak intermolecular interactions between carbazole and several small molecules ͑or atoms͒. For complexes of the X-carbazole type ͑where XϭNe, Ar, CH 4 , CO, and N 2 ͒, the dissociation energy (D 0 ) was determined very accurately ͑the experimental uncertainty was less than 0.13 kcal/mol͒. The experimental dissociation energies fall within the range from 0.48 kcal/mol ͑for Ne͒ to 2.06 kcal/mol ͑for CO͒. The accurate experimental data for this series of intermolecular complexes provide, therefore, an excellent reference for theoretical calculations.
In this work, we apply the subsystem based approach to the carbazole containing complexes. Since the applied method was described in detail elsewhere, 16 only its general features will be outlined here. Several issues pertinent to the subsystem based approach will be discussed in detail. They include some fundamental ones such as ͑a͒ the origin of the good performance of the subsystem based formalism as compared to the conventional Kohn-Sham calculations applying GGA functionals; ͑b͒ the relation between the applied approach which is based on variational principle to the approach of Gordon and Kim 11 which is not variational, and more technical issues such as the the dependence of the obtained results on the quality of the atomic basis set and on the localization of the electron density associated to each subsystem.
II. METHODS
Following Hohenberg-Kohn theorems, 23 the ground state energy of a complex comprising two molecule can be expressed as a functional of the electron density (E͓͔). In the conventional Kohn-Sham formalism, E͓͔ is expressed by means of the Kohn-Sham total energy functional E KS ͓͔,
where E xc and T s ͓͔ denote the exchange-correlation functional and the functional of the kinetic energy in the noninteraction electrons reference system, respectively. The index A runs through all the nuclei of the complex. In the subsystem based approach ͓which will be referred to as Kohn-Sham equations with constrained electron density ͑KSCED͔͒ applied in this work, the total energy is represented as a bifunctional (E KSCED ͓ 1 , 2 ͔) of two electron densities ͑ 1 and 2 ͒,
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where T s nad ͓ 1 , 2 ͔ denotes the nonadditive kinetic energy bifunctional which is defined as
The above bifunctional was introduced by Gordon and Kim, to express the interaction energy of weakly bound complexes where 1 and 2 were identified with the electron densities of isolated monomers. 11 The bifunctional E KSCED ͓ 1 , 2 ͔ can also be used in variational calculations following the ideas of Cortona 12 who introduced the multifunctional of the total energy to obtain the electron densities of atoms in solids. Wesolowski and Warshel used the bifunctional E KSCED ͓ 1 , 2 ͔ to derive the orbital-free effective embedding potential which is based on first principles. 13 Partitioning the electron density makes it possible to perform the minimization of the total energy following a stepwise procedure in which the energy is minimized with respect to either 1 or 2 .
14 The electron density 1 is represented by means of one-electron functions,
KSCED . ͑4͒
Similar steps as those used to derive the Kohn-Sham equations lead to the following set of one-electron equations for i(1) KSCED :
12,13
where
.
͑6͒
Practical applications of the above KSCED scheme rely on the approximations used for E xc ͓͔ and T s nad ͓ 1 , 2 ͔. In the current implementation of KSCED, we apply the following approximate functionals:
͑1͒ For E xc , the PW91 functional for which can be considered as one of the most appropriate GGA functionals applicable to weak complexes ͑see Ref. 6 , and references therein͒. ͑2͒ For T s nad ͓ 1 , 2 ͔, the approximate gradient-dependent functional developed in our group 15, 16 which was shown to provide an accurate approximation for the kineticenergy-functional dependent part of the KSCED effective potential in the case of weakly overlapping densities 1 and 2 .
It is important to point out that the applied approximate functionals of the exchange energy and the nonadditive kinetic energy share the same analytic form of the gradient dependency. The use of the same gradient dependency for the exchange and the kinetic energy functionals was originally proposed by Parr and co-workers 24 who formulated the ''conjointness conjecture'' which has been proven only for the Hartree-Fock electron densities. 25 Nevertheless, several numerical tests have been reported supporting the conjointness conjecture also for Kohn-Sham electron densities.
cantly weaker dependence of KSCED energies on the particular form of the enhancement factor F employed. 18, 19 The calculations were performed using the modified version of the DEMON program 29 into which the KSCED formalism was implemented. 14 The exchange-correlation and nonadditive kinetic energy components of the effective potential were calculated numerically, i.e., without fitting functions. The Coulomb potential was fitted using the auxiliary functions ͑set A2͒ distributed with the deMon program. The subsystems were identified with two interacting molecules, i.e., carbazole was considered as one subsystem and the other molecule ͑X ϭNe, Ar, CH 4 , CO, or N 2 ͒ as the second one. The calculations were carried out using several basis sets:
͑a͒ DZVP basis set distributed with the DEMON The fragments' electron densities 1 and 2 were constructed using one of the above basis sets localized on:
͑a͒ Only atoms belonging to the same subsystems ͑mono-mer expansion of subsystems' electron densities͒. The basis sets in such calculations are labeled Am, Bm, or Cm, in the text; ͑b͒ on all atoms in the complex ͑supermolecule expansion of subsystems' electron densities͒. The basis sets in such calculations are labeled As, Bs, or Cs, in the text.
In the case of the supermolecule expansion of subsystems' electron densities, the KSCED energies were corrected for the basis set superposition error following the procedure of Boys and Bernardi. 31 In the case of the monomer expansion of subsystems' electron densities, the procedure of Boys and Bernardi does not lead to any correction as the completeness of the basis set used to expand the electron density of a given subsystem does not depend on the intermolecular geometry. For such calculations, a grid-dependent error in the interaction energies results from the superposition of molecular grids ͓grid superposition error ͑GSE͔͒. GSE was eliminated by calculating the Kohn-Sham energy of each molecule forming the complex using the grid constructed for the complex. For the complexes considered in this study, such a correction negligibly affects the obtained interaction energies ͑it is in the 0.05 kcal/mol range͒. Correcting for GSE was necessary, however, for the analysis of same small components of the interaction energy.
The minimization of the total energy bifunctional E KSCED ͓ 1 , 2 ͔ was performed using a stepwise minimization procedure ͑''freeze-and-thaw'' 14 ͒. In the first step, 2 was assigned to carbazole and 1 to one the other molecule in the complex ͑either Ne, Ar, N 2 , CO, or CH 4 ͒. The electron density 1 was obtained by solving Eq. ͑5͒ in which electron density of an isolated carbazole molecule was used as 2 . In the subsequent steps, the electron densities 1 and 2 exchanged their roles in Eq. ͑5͒. The freeze-and-thaw cycle converges rapidly. 16 All KSCED energies reported in this work were obtained with three freeze-and-thaw iterations. The geometry of the complex was optimized using our recent implementation of analytic gradients of the KSCED energy 21 into the DEMON computer code. During the optimization, the atomic coordinates of carbazole were kept frozen at the values taken from Ref. 22 .
The interaction energies derived from KSCED calculations were also compared to those obtained from conventional Kohn-Sham method. In these calculations, the same exchange-correlation functional ͑PW91͒ was used as the one applied in KSCED. The 6-31ϩG** basis set was chosen basing on other studies showing that it provides the interaction energies close to the basis set limit. 32 The geometry of each considered complex was optimized keeping the atomic coordinates of carbazole frozen. The reported Kohn-Sham interaction energies were corrected for the basis set superposition error and were obtained using the GAUSSIAN 98 suite of programs.
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III. RESULTS AND DISCUSSION
The results are presented in four subsections. In the first one, the KSCED results are discussed and compared to the experimental data. The second subsection deals with the analysis of the relaxation of the electron densities 1 and 2 forming a complex. The third one provides the link between the variational approach applied in this work ͑KSCED͒ and the nonvariational model of Gordon and Kim. In the fourth one, the accuracy of the calculated properties of the isolated molecules considered in this work is analyzed.
Unless specified, we will discuss the results obtained with the most complete applied basis set ͑i.e., Cs͒. The numerical results obtained with less complete basis sets which either use a smaller number of atomic functions for each atom ͑basis sets A and B͒ or use a smaller number of atomic centers in the expansion of the electron densities of each subsystems ͑basis sets Am, Bm, Cm͒ are provided for comparison purposes.
A. KSCED interaction energies and equilibrium geometries
The resulting geometries of the studied complexes are shown in Fig. 1 . The geometry parameters, together with the interaction energies obtained using different basis sets are collected in Tables I and II . It was found that X ͑XϭNe, Ar, CH 4 , CO, and N 2 ͒ complexes preferably above the central ring of carbazole. At the energy minimum, the Ne and Ar atoms remain in the XZ-plane and are localized above the center of the five membered ring. The N 2 molecule remains in the XZ plane being oriented parallel to the carbazole plane with one atom localized above the center of the ring and the other one approaching the C-C double bond. A similar arrangement was found for the CO complex with oxygen localized above the ring center. Opposite to the N 2 case, the CO axis is not parallel to the carbazole plane but it is tilted.
The carbon and oxygen atoms are localized 2.97 Å and 3.26 Å above the carbazole plane, respectively. The carbon atom of methane in the CH 4 -carbazole complex is localized in the XZ plane above the center of the five membered ring whereas three hydrogen atoms point towards the central ring of carbazole: one towards N and two towards the C-C double bond ͑see Fig. 1͒ . Figure 2 shows the calculated interaction energies ͑E int ϭϪD e , where D e is the well depth͒ together with the considered dissociation energies (D o ). Direct comparisons between D e and D o are not possible because the experimental contributions of zero-point vibrations are not available. The contribution of the zero-point vibrations associated with intermolecular degrees of freedom estimated by means of the harmonic approximation amounts to about 0.10 kcal/mol for the considered complexes. Since this contribution is small compared either to D e or to D o , it will not be analyzed in more detail here. Table II and Fig. 2 show that the KSCED interaction energies obtained with the most complete basis set ͑Cs͒ are in a very good agreement with experimental measurements. The largest disagreement of 0.40 kcal/mol was found for the neon complex. It is worthwhile to note that, for this complex, the experimental uncertainty is also the largest. For the other complexes, the calculated interaction energies agree better with experimental measurements. Figure 2 shows also the interaction energies obtained using conventional Kohn-Sham calculations applying the same exchange-correlation functional ͑PW91͒ and the 6-31 ϩG** basis set. The KSCED interaction energies appear clearly superior to the supermolecule Kohn-Sham ones. The latter being rather reasonable.
We turn now to the dependence of the KSCED results on the choice of the basis set. The series of calculations using the monomer expansion of the electron densities 1 and 2 ͑basis sets Am, Bm, and Cm͒ shows that increasing the size of the atomic basis set affects slightly the interaction energy ͑see Table I͒ . The calculated E int KSCED varies within a narrow range of about 0.1 kcal/mol. This value is rather small compared to the magnitude of the experimental dissociation energies.
The results obtained with the supermolecule expansion of the electron densities 1 and 2 ͑basis sets As, Bs, and Cs͒ show a similar weak dependency of E int KSCED on the basis set in the case Ne, Ar, and CH 4 complexes ͑see Table II͒ . For these complexes, the basis sets As, Bs, and Cs lead to slightly stronger ͑by about 0.1 kcal/mol͒ interactions than do the basis sets Am, Bm, and Cm. In the case of the N 2 complex, however, the increase of the basis set from As to Cs effects E int KSCED as much as 0.35 kcal/mol. A large difference between the corresponding interaction energies obtained using the supermolecule and monomer expansion basis sets indicates that the cross-terms in the electron density which involve products of atomic orbitals localized on different molecules contribute not negligibly to the electron density of the complex. These differences are the largest for the N 2 and CO complexes and amount up to 0.33 kcal/mol in the N 2 case.
B. The modification of electron densities 1 and 2 upon forming the complex
Owing to the explicit dependence of E KSCED ͓ 1 , 2 ͔ on two electron densities, it is possible to evaluate the energetic effect of the modification of the fragments' electron densities 1 and 2 upon forming the complex in a straightforward way. Lets define the ''internal strain energy'' (E int * ) as the difference,
Since the electron density of the isolated molecule corresponds to the minimum of the Kohn-Sham functional, the perturbation of the electron density of the molecule upon forming the complex results in a non-negative value of E int * . Tables III and IV collect E int * calculated at the equilibrium geometry in the considered complexes using the monomer ͑basis sets Am, Bm, and Cm͒ and supermolecule ͑basis sets As, Bs, and Cs͒ expansions of the densities 1 and 2 , re- ͑0.065 kcal/mol͒, and CO ͑0.303 kcal/mol͒. The significant perturbation of the electron density of carbazole in the complex with CO results from the electrostatic polarization due to the permanent dipole moment of CO.
As the E int * (X) ͑XϭNe, Ar, N 2 , CH 4 , or CO͒ is concerned, the smallest perturbation of the electron density X by carbazole occurs for neon ͑0.018 kcal/mol͒ reflecting the smallest polarizability of this molecule. For other molecules characterized by larger polarizabilities, the values of E int * (X) are higher. The largest value of E int * (X) occurs for XϭCH 4 ͑0.322 kcal/mol͒. As the equilibrium position of the molecule X is different in all the considered complex, the variation of E int * (X) cannot be interpreted in terms of the electronic polarization only. For instance, three hydrogen atoms of CH 4 are localized closer to the central ring of carbazole in its equilibrium geometry than any other atom in other complexes. This results in a stronger Pauli repulsion effect on the electron density of carbazole involved in this complex.
The above tendencies for E int * (X) and E int * (car) in different complexes can be seen also for smaller basis sets. It is worthwhile to notice, however, that the values of E int * increase with increasing size of the basis set in both ͑Am, Bm, Cm͒ and ͑As, Bs, Cs͒ series. This results from the increasing 1 -2 overlap.
C. The relation between the KSCED formalism and the Gordon-Kim model
As shown in the previous section, the energetic effect which accompanies deforming the isolated molecules' electron densities upon forming an intermolecular complex is not significant ͑especially in the case of the monomer expansion of 1 and 2 ͒. Even for the CO-carbazole and N 2 -carbazole complexes, in which the two interacting molecules polarize each other due to permanent electric moments ͑see Tables VII-IX below͒, the magnitude of this energy expense (E int * ) does not exceed 20% of the total interaction energy. In this section, we analyze the effect of the deformation of the electron densities 1 and 2 resulting from forming the complex on the calculated interaction energies. In all KSCED calculations discussed so far, the electron densities 1 and 2 were obtained by minimizing E KSCED ͓ 1 , 2 ͔. One can, however, evaluate the interaction energy for any densities 1 and 2 . In particular, the electron densities of the isolated molecules ͑ 1 isol and 2 isol ͒ can be used to evaluate the interaction energy in a nonvariational way,
where nv indicates that the interaction energy was not obtained from variational calculations. The above equation is similar to the interaction energy expression in the GordonKim model 11 although there are two major differences. First, the GGA approximate functionals were applied in this work ͑see Methods͒, whereas the LDA approximation was used in Ref. 11 . Second, the isolated electron densities applied in this work were obtained from the KS calculations whereas the electron densities used in Ref. 11 were obtained from Hartree-Fock calculations.
Tables V and VI collect the interaction energies obtained from Eq. ͑7͒ ͑not variational͒ and the results of KSCED calculations ͑variational͒. The relaxation effect is almost negli- gible in the case of the Ne-carbazole complex whereas it is the largest for the CO-carbazole complex. But even for the latter complex the relaxation results in the change of the interaction energy which does not exceed 15%. In fact, the magnitude of the decrease of the the KSCED interaction energy (E int ϪE int nv ) due the relaxation of the electron densities 1 and 2 correlates very well with the negative of the ''internal strain energy'' (E int * ) discussed in the previous section ͑compare the fifth column in Table V with the sixth column   in Table III͒ . This correlation indicates that the stabilizing effect of the 1 and 2 relaxation can be identified as the contribution from the electric polarization.
Turning back to the original Gordon-Kim model, it is important to point out that it provides astonishingly good interaction energies for some weak complexes 11 despite its obvious deficiencies: ͑a͒ the use of rather simple approximations for the nonadditive kinetic energy and the exchangecorrelation functional; ͑b͒ nonvariational methodology due to freezing the electron densities of each molecule at its isolated molecule value. The results shown in this work together with the analyzes made in Refs. 18, 19 provide some justification for the good interaction energies obtained in the original calculations of Gordon and Kim.
As pointed out in our earlier works, 18, 19 the KSCED interaction energies depend on the approximate functionals through the sum ⌬E xc ϩT s nad , whereas the conventional Kohn-Sham calculations through the term ⌬E xc only. Numerical evidence shows that the magnitude of ⌬E xc ϩT s nad is significantly smaller than that of ⌬E xc ͑see Fig. 3͒ . In our implementation of KSCED, we apply the approximate exchange-and kinetic-energy GGA functionals which are conjoint through a common enhancement factor ͓F(ٌ͉͉/ 4/3 )͔ which determines the analytic form of their gradient-dependency. 24 For weakly overlapping electron densities, 1 and 2 , the KSCED energy bifunctional provides, therefore, an analytical expression for the interaction energy in which the generalized gradient approximation is applied in a more balanced way compared to the conventional supermolecule Kohn-Sham calculations. Owing to the link between the kinetic-and exchange-energy GGA functionals and the opposite sign of the nonadditive kinetic energy and the exchange contributions to the interaction energy, the final numerical effect associated with the errors of the generalized gradient approximation is less significant. Therefore, the choice of the enhancement factor ͓including the F(ٌ͉͉/ used in the KSCED expression for the interaction energy.
As the relaxation of the electron densities 1 and 2 is concerned, the results collected in Table V, indicate that freezing the electron densities 1 and 2 at their isolated molecule values is a reasonable approximation especially if the expansion of the electron densities 1 and 2 is restricted to the corresponding molecules. Its applicability is, therefore, justified in the case of pairs of rare-gas atoms but can not be extended to include such effects as the electronic polarization, charge-transfer, orbital interactions.
D. Properties of the isolated molecules derived from Kohn-Sham calculations
The comparison between the experimental heats of adsorption and the KSCED interaction energies for a series of molecular complexes included in this study shows that the KSCED formalism provides an effective computational scheme leading to the interaction energies of good or even excellent accuracy. In the worst case the deviation between the experimental dissociation energy and the calculated interaction energy amounts to 0.4 kcal/mol ͑Ne͒, whereas for other complexes it amounts to less than 0.2 kcal/mol ͑see Fig. 2͒ . This deviation originates from the approximations used for E xc and T s nad . The relative contribution of these approximations to the calculated interaction energy is strongly reduced due to a partial cancellation of the approximate terms in the KSCED formalism ͑see Fig. 3͒ . In this section, the properties of the isolated molecules derived from Kohn-Sham calculations are analyzed. The quality of such results is exclusively determined by the accuracy of the applied exchange-correlation functional and the completeness of the used basis set. The accuracy of such properties of isolated molecules as electric moments and electric polarizability can be directly linked with the accuracy of the calculated interaction energy. Tables VII-IX collect the calculated total energy, geometry parameters, dipole and quadrupole moments, and static average polarizabilities of the molecules considered in this work. The series of basis sets A-C provides a way to approach the basis set limit as the total energies of all the molecules decrease. The geometry of the considered small molecules CO, N 2 , and CH 4 is also effected by the choice of the basis set approaching the experimental bond lengths.
The dipole moment of carbazole calculated at a rigid geometry is smaller than the experimental value. This might lead to an underestimation of the first-order electrostatic TABLE VIII. The influence of the basis set on the properties of the carbazole molecule. See the text for description of the basis set ͑BS͒. Energy in Hartrees, dipole moment (͉P͉), quadrupole moment (Q zz ), and mean polarizability (␣ ) in a.u. The calculations at the geometry taken from ͓Burgi, et al., J. Chem. Phys. 103, 7228 ͑1995͔͒. The quadrupole moment calculated relative to the center-of-mass. terms and the second-order dipole-induced dipole terms in the interaction energy. Among the molecules forming a complex with carbazole, only CO has nonvanishing dipole moment which contributes to the dipole-dipole interactions. The electrostatic effects are also non-vanishing in the N 2 -carbazole complex due to the quadrupole moment of N 2 . For CO, the largest applied basis set leads to an overestimation of the dipole moment which might lead to an overestimation to the dipole-dipole interaction in the CO-carbazole complex. The quadrupole moment of N 2 is very well reproduced with the basis set C indicating that the dipole-quadrupole interactions in the N 2 -carbazole complex should be accurately described by means of the applied method.
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The accuracy of the dipole-induced dipole interaction energy depends on the accuracy of the polarizabilities. This property is strongly effected by the choice of the basis set. Only the largest basis set ͑C͒ appear to be sufficient to obtain the polarizabilities comparable with experimental measurements. The calculated polarizabilities are slightly higher than the experimental ones in agreement with known trends characterizing the semilocal exchange-correlation functionals. 37 The above results indicate, therefore, that the KSCED results might be expected to improve upon the use of the more accurate exchange-correlation functional.
IV. CONCLUSIONS
For weakly bound complexes, the Kohn-Sham results are known to depend strongly on the applied exchangecorrelation functional. Within the limits of generalized gradient approximation, it is not possible to satisfy simultaneously the relevant exact mathematical conditions such as the asymptotic behavior of the exchange-correlation potential, the asymptotic behavior of the density of the exchangecorrelation energy, and the Lieb-Oxford bound. These flaws of GGA result in a rather mediocre performance of KohnSham calculations in studies of equilibrium properties of weak complexes even if the functionals obeying the LiebOxford bound are applied. Other reasons ͑their semilocality͒ make them useless at the large R and zero 1 -2 overlap limit.
In this work, it was shown that the generalized gradient approximation can be used in a more balanced way in another DFT formalism which is based on the total energy bifunctional. Such a formalism requires that not only the exchange-correlation energy but also the nonadditive kinetic energy, which is a small fraction of the total kinetic energy, are approximated. Numerical evidence of this work as well as our earlier papers 18, 20 shows that generalized gradient approximation applied in this formalism leads to very good results, significantly better than the ones obtained from comparable supermolecule Kohn-Sham calculations. This good performance originates from the reduced importance of the approximate terms which partially cancel each other in the case of weak complexes for which ͑a͒ the change of the electron densities of the molecules upon forming the complex can be considered to be small and ͑b͒ the overlap between the electron densities of the molecules forming the complex is small as measured by the magnitude of the nonadditive kinetic energy.
The comparisons between the KSCED formalism and the Gordon-Kim model make it possible to address an intriguing question of a surprisingly good interaction energies obtained with the latter theory for some systems. Good GK interaction energies originate from two factors: ͑a͒ weak dependence of the interaction energies obtained from the E͓ 1 , 2 ͔ bifunctional on the gradient dependency of the applied in E x and T s nad ; ͑b͒ negligible relaxation effects in the case of nonpolar molecules. The formalism applied in this work offers a significant improvement of the Gordon-Kim model as it ͑a͒ applies more accurate modern functionals E xc ͓͔ and T s nad ͓ 1 , 2 ͔; ͑b͒ is a self-contained theory in which 1 and 2 are obtained through a minimization procedure which applies an orbital-free kinetic energy dependent embedding effective potential to couple the interacting subsystems. 13 The latter point assures applicability of this formalism also for complexes formed by polar molecules and assures the stability of the obtained results in respect to the choice of the basis set.
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APPENDIX: NOTE ON THE APPLICABILITY OF THE APPLIED APPROACH TO DESCRIBE LONDON DISPERSION FORCES
We note that London dispersion forces result from correlated motions of electrons in two interacting subsystems regardless whether the electron densities associated with these subsystems do overlap or not. In particular, for two spherically symmetric and neutral subsystems with nonoverlapping electron densities 1 and 2 ,
the exact form of the dependence of the interaction energy on the intersystem distance (R) is known to be Ϫ (A/R 6 ) for large R.
We turn back to the KSCED effective potential ͓Eq. ͑6͔͒ and the total energy bifunctional ͓Eq. ͑2͔͒ to analyze their behavior for electron densities satisfying the zero-overlap condition ͓Eq. ͑A1͔͒.
We start with showing that neither local ͑LDA͒ nor semilocal ͑GGA͒ approximate exchange-correlation functionals applied in the Kohn-Sham formalism leads to the correct behavior of the interaction energy due to the restricted analytic form. The general form of the GGA exchange-correlation functional reads
where the density of the exchange-correlation energy (⑀ xc gga ) at a given point r is an analytic function of the electron density and electron density gradient in the same point r ͑various such functions have been developed so far͒. We note that LDA takes a similar form as Eq. ͑A2͒ with ⑀ xc lda ϭ⑀ xc lda ((r)). For a system comprising two non-overlapping components ϭ 1 ϩ 2 , the exchange-correlation energy of the form given in Eq. ͑A2͒ is additive,
which results in
Therefore, for nonoverlapping 1 and 2 , neither the GGA exchange-correlation potential determining the electron density of one subsystem nor the density of the GGA exchangecorrelation energy is affected by the presence of the electron density associated with the other subsystem. We recall now, that the long-range behavior of London dispersion forces does not result from any overlap effects. These forces occur also between such subsystems where their electron densities do not overlap at all. We must conclude, therefore, that GGA is not suitable for describing correctly these forces as the exchange-correlation contributions to both the energy and the effective potential disappear for nonoverlapping 1 and 2 .
We will analyze now the influence of the presence of terms which depend on T s nad ͓ 1 , 2 ͔ in the KSCED effective potential and the total energy bifunctional for nonoverlapping 1 and 2 . We will show now that such terms disappear for nonoverlapping 1 1 and 2 implies that the correct description of the interaction energy between such subsystems where 1 and 2 do not overlap hinges on the approximation made for the exchangecorrelation functional both in the supermolecule KohnSham scheme and in the subsystem based formalism applied in this work.
The above considerations expose also a serious flaw of GGA making it unsuitable for obtaining a correct Ϫ (A/R 6 ) behavior of London dispersion forces ͑either in the supermolecule Kohn-Sham calculations or in the KSCED formalism͒. To obtain this behavior, the true nonlocality of the exchange-correlation functional must be taken into account. Recently, Kohn and co-workers 28 showed that this behavior with a correct coefficient at zero 1 -2 overlap can be derived from density functional theory but using its other-thanKohn-Sham formulation. In our work, we study the intermolecular complexes at their equilibrium geometry where the 1 -2 overlap, although small, is not negligible and the correct description of the energetics of such weakly overlapping electron densities applying generalized gradient approximation for both E xc ͓͔ and T s nad ͓ 1 , 2 ͔ is our main concern. The challenging issue of finding such approximate exchangecorrelation functional applicable in the Kohn-Sham calculations which would lead to the Ϫ (A/R 6 ) behavior of London dispersion forces between neutral and spherically symmetric systems with non-overlapping electron densities is beyond the scope of the present work.
